To examine whether total fat intake is actually lower in reduced-fat (low-fat and skim) milk drinkers and whether reduced-fat-milk drinkers compensate for energy intake we compared the intakes of foods, energy, and energy-yielding nutrients in reduced-fat-milk drinkers and whole milk drinkers by using the US Department of Agriculture's 1989-1991 nationwide food intake database, the Continuing Survey of Food Intakes by Individuals. This database represents a national stratified sample population of 15 128 individuals. Of the survey population, approximately one-third consumed whole milk, onethird consumed low-fat milk, one-tenth consumed skim milk, and one-tenth consumed mixed types of milk. The data provided the following information: 1) total fat intake of reduced-fat-milk drinkers is significantly (P ≤ 0.05) lower than that of whole milk drinkers; 2) in general, males but not females compensate for energy by increasing their carbohydrate intake; 3) reduced-fatmilk drinkers consume more fruit and vegetables (P ≤ 0.05) and less red meat and sweets (P ≤ 0.05) than whole milk drinkers; 4) through their reduction in total fat intake, several age groups of skim milk drinkers have achieved the US dietary goal for fat intake, ie, ≤ 30% of energy intake from fat; 5) teenagers compensate for energy intake the least of all age groups; and 6) with advancing age, fewer people drink milk and fewer drink whole milk. The data indicate significant sex differences in energy compensation, that reduced-fat-milk drinkers consume significantly (P ≤ 0.05) less fat than whole milk drinkers, and that the US dietary goal for fat intake may be practically achieved by consuming reduced-fat foods such as skim milk and limiting intakes of high-fat foods such as red meat.
INTRODUCTION
Excess consumption of dietary fat has been associated with increased risk of several chronic diseases, including certain cancers and heart disease, and is considered to be a current public health issue in the United States (1, 2) . The Dietary Guidelines, designed to help Americans choose diets that will meet nutrient requirements, promote health, and reduce chronic disease risks, recommends that Americans choose a diet that provides ≤ 30% of energy from fat and < 10% of energy from saturated fat (3) .
Nutrition education efforts seem to have effectively raised public awareness about the effects of excess dietary fat on disease and health. Total fat intake has dropped from Ϸ40% of energy in 1977-1978 (4) to 34% in 1989-1991 (5) . This trend toward lower fat intake is reflected in the use of lower-fat dairy products. For example, skim milk sales rose from 5.7% of total fluid milk sales in the United States in 1987 to 10.3% in 1990 (6) . Consistent with the growing demand of consumers for lower-fat foods, the food industry has responded by manufacturing foods with reduced fat and energy contents. In 1990, Ϸ232 "light" dairy products, including ice cream and other frozen desserts and cheeses, were introduced, accounting for 39% of all "light" products introduced for the year (6) .
Dairy products are one of the major sources of dietary fat in the United States. In 1990, dairy products provided 12% of fat in the US food supply (7) . Fluid milk has offered the consumer low-fat (low-fat milk) and nonfat (skim milk) options for many years. As defined by the Food and Drug Administration, whole milk contains ≥ 3.25% fat, low-fat milk contains 0.5−2% fat, and skim milk contains < 0.5% fat (8) .
The presumed benefits from the consumption of reduced-fat foods such as low-fat or skim milk are attractive: decreased intakes of fat and cholesterol and increased intakes of complex carbohydrates. However, this presumption has not been corroborated with sufficient evidence. Limited data are available on the nutritional implications of usual consumption of reduced-fat milks on the intakes of energy and macro-and micronutrients. A couple of studies that examined food intakes and dietary patterns reported that as dietary fat decreased, intakes of low-fat milk, vegetables, fruit, cereals, fish, and chicken increased and intakes of whole milk and cheese, salty snacks, peanuts, red meats, eggs, desserts, and fried potatoes decreased (9, 10) . Consequently, the groups who consumed less energy from fat had lower intakes of total energy, saturated fat, and cholesterol and higher intakes of dietary fiber, carbohydrate, and several micronutrients. A couple of other studies reported that higher educational attainment or higher socioeconomic status is associated with lower intakes of whole milk, meats, Energy, macronutrient, and food intakes in relation to energy compensation in consumers who drink different types of milk eggs, butter, total energy, saturated fat, and cholesterol and higher intakes of low-fat milk, fruit, soft vegetable margarine, dietary fiber, and several micronutrients (11, 12) .
The purpose of this study was to examine whether intakes of total energy and fat are lower in reduced-fat-milk drinkers than in whole milk drinkers and whether the reduced-fat-milk drinkers compensate for the energy deficit resulting from reduced fat intakes by increasing intakes of energy-yielding nutrients other than fat.
SUBJECTS AND METHODS
This study used data from the Continuing Survey of Food Intakes by Individuals (CSFII), conducted by the US Department of Agriculture (USDA) between 1989 and 1991, with a national stratified sample of 15 128 individuals residing in the 48 conterminous states and Washington, DC, and including 3-d intakes of food and nutrients for individuals of all ages. Persons who were living away from home or in institutions were ineligible. The stratification took into account geographic location, degree of urbanization, and socioeconomic considerations. The survey used 1-d 24-h recalls in an in-person interview and a 2-d dietary record. The detailed methodology of the survey was published previously (5) . In the present study, all-income sample data from respondents aged ≥ 2 y with complete 3-d intake collections were used. Excluded from the analysis were respondents who reported no food intake. The overall 3-d response rate in the 1989-1991 CSFII was 45.2%. The nutrient database used to estimate intakes of various nutrients was developed by the USDA's Human Nutrition Information Service for use in this survey by using the USDA National Nutrient Data Base for Standard Reference and the USDA Nutrient Data Bank (13) . Data were weighted to reflect the general population.
The study population of each sex was categorized into five groups according to their milk consumption practice (no-milk group, whole milk group, low-fat-milk group, skim milk group, and mixed-milk group) and into six groups according to age: 2-5 y to represent toddlers and preschoolers, 6-11 y to represent schoolchildren, 12-19 y to represent teenagers, 20-50 y to represent adults, 51-64 y to represent those middle aged, and ≥ 65 y to represent the elderly.
Intakes of foods, energy, and energy-yielding nutrients were determined statistically among these groups. The following food groups were examined: total meat as well as red meat, poultry, or fish; total milk and dairy products as well as fluid milk; total vegetables and fruit as well as vegetables or fruit; total carbohydrate foods as well as grain products or sugar and sweets; seasoning fats and oils; and carbonated drinks. Total meat included red meat, poultry, and fish, as well as mixtures having meat as a main ingredient, such as a meat sandwich or tuna casserole. Red meat included beef, pork, lamb, veal, game, organ meats, frankfurters, sausages, and luncheon meats. Poultry included chicken and other poultry. Fish included fish and shellfish. Grain products included rolls, breads, cereals, pasta, cakes, cookies, pretzels, popcorn, corn chips, French toast, and mixtures having a grain product as a main ingredient. Sugars and sweets included sugar, candy, honey, molasses, jelly, and syrup. Fat and oil included table fats (butter, margarine, imitation margarine, and butter replacements), cooking fats (bacon grease, meat drippings, lard, and shortening), vegetable oils, salad dressings, nondairy cream substitutes, and tartar sauce and other sauces composed mainly of fat and oil. Excluded from the fat and oil category were fats and oils that were ingredients in food mixtures. For example, fats or oils used to fry chicken or mayonnaise in cole slaw were excluded. The food-grouping method used by the USDA in the 1989-1991 CSFII (5) was used in the present study.
The degree of energy compensation as well as the energy ratio of nutrients were computed from the energy intake data of each macronutrient. For this study, energy compensation was defined as the percentage increase in energy intake from carbohydrate or protein of the decrease in energy intake from fat. This energy compensation was computed for the reduced-fat-milk drinkers, who generally ingested less energy from fat and more energy from carbohydrate than the whole milk drinkers. As an example, percentage of energy compensation by carbohydrate energy intake was estimated as the following:
Energy compensation by carbohydrate energy intake (%) = [carbohydrate energy intake (kJ) by the reduced-fat-milk group Ϫ carbohydrate energy intake (kJ) by the whole milk group]/ [fat energy intake (kJ) by the whole milk group Ϫ fat energy intake (kJ) by the reduced-fat-milk group ] ϫ 100 (1) The difference in energy intake was computed by subtracting the energy intake of reduced-fat-milk drinkers from that of whole milk drinkers: a positive energy difference denotes a greater energy intake by the reduced-fat-milk group than by the whole milk group.
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Statistical analysis
Estimates of means and SEMs were calculated by using Survey Data Analysis (SUDAAN) software (14) . This package allows for statistical tests of significance on weighted data from complex survey designs (15) . Statistical analysis was carried out with the SAS software package (16) . If the F test by analysis of variance showed a significant difference, Scheffé's t test (17) was used for pairwise comparisons between groups at the 5% two-tailed probability level. The resultant comparisons between the no-milk group or the mixed-milk group and the other milk groups showed inconsistent and insignificant differences. Therefore, this paper reports only the comparisons among the whole milk group, the low-fat-milk group, and the skim milk group.
RESULTS
Population
Of the population evaluated (n = 10 759), 56% were female and 44% were male. Approximately 50% of the population (42%, n = 4545) were 20-50 y old and 16% were ≥ 65 y old (n = 1711); the remaining age groups (ages 2-5 y, 6-11 y, 12-19 y, and 51-64 y) comprised between 8% and 12% each of the population. Approximately one-third of the population consumed whole milk (34%) or low-fat milk (31%), one-tenth consumed skim milk (7%) or mixed types of milk (9%), and about one-fifth (19%) drank no milk during the 3-d period ( Table 1) . Generally, fewer people drank milk as age advanced. The largest group of nondrinkers was in the 20-50-y-old group, 25% of whom did not drink milk. The consumption of whole milk was highest for toddlers and preschoolers and decreased for older children, whereas the consumption of skim milk increased for older children, with a preference shift from whole milk to reduced-fat milk in the older age groups.
Intakes of energy and energy-yielding nutrients
In females aged ≥ 2 y, energy intake was significantly (P ≤ 0.05) lower in the skim milk group (6358 ± 126 kJ) than in the whole milk group (6941 ± 84 kJ). The energy intake of the lowfat-milk group (6556 ± 67 kJ) was somewhat lower than that of the whole milk group but the difference was insignificant. In males, energy intake was not significantly different among the various milk groups. In general, for both sexes aged ≥ 2 y, total fat intake was lower in the reduced-fat-milk drinkers than in the whole milk drinkers. For females, this difference was significant (P ≤ 0.05) between the skim milk group (50.9 ± 1.5 g) or lowfat-milk group (58.1 ± 0.8 g) and the whole milk group (65.4 ± 0.9 g). However, for males the difference was significant (P ≤ 0.05) only between the skim milk (73.5 ± 3.3 g) and the whole milk (85.4 ± 1.8 g) groups. Compared with the whole milk group, males aged ≥ 2 y in the reduced-fat-milk groups (low-fat and skim milk) had significantly increased carbohydrate intakes (245 ± 4, 255 ± 4, and 259 ± 10 g for the whole milk, low-fatmilk, and skim milk groups, respectively; P ≤ 0.05). On the con- trary, there was no significant difference in carbohydrate intake by milk type in females aged ≥ 2 y. There was no difference in protein intake among the various milk groups of either sex. When the population was divided into various age groups (Tables 2 and 3), a significantly reduced energy intake among the skim milk drinkers was seen only for teenage girls aged 12-19 y, who comprised Ϸ11% of the female population. These girls tended to have reduced intakes not only of fat (P ≤ 0.05) but also of carbohydrate (NS) and protein (NS). Total fat intake was lower in the reduced-fat-milk drinkers than in the whole milk drinkers in most age subgroups of both sexes. In females, the reduction in total fat intake by the skim milk drinkers was Ϸ33% for teenagers (2-19 y), Ϸ29% for toddlers and preschoolers (2-5 y), and Ϸ17-18% for adults (20-50 y) and the elderly (≥ 65 y) compared with the whole milk drinkers. In males, those middle aged (51-64 y) and schoolchildren (6-11 y) who drank skim milk had the largest reductions in total fat intakes (Ϸ31-32%) whereas the total fat intake of toddlers and teenagers was Ϸ21% less than the fat intake of their whole milk−drinking counterparts.
As presented in Tables 2 and 3 , the goal of ≤ 30% of energy intake from fat was achieved by several skim milk−drinking age groups but not by any of the low-fat-milk or whole milk drinkers in any age group. On average, skim milk−drinking females aged > 2 y achieved the recommended fat intake of ≤ 30% of energy (energy ratio for carbohydrate:protein:fat = 53:18:30).
Energy compensation
For the age group ≥ 2 y, energy compensation for the reduction in fat energy manifested by an increase in energy intake from carbohydrate was 224% in males in the low-fat-milk group, 57% in males in the skim milk group, Ϫ32% in females in the low-fat-milk group, and Ϫ10% in females in the skim milk group. Energy compensation was accomplished mainly by a greater carbohydrate intake whereas the role of protein intake was minimal to none. In males aged ≥ 2 y, energy compensation was substantially greater in the low-fat-milk group than in the skim milk group. The varying degrees of energy compensation by the various milk groups were reflected in their total energy intakes. Total energy intake of low-fat-milk−drinking males was 94 kJ greater than that of whole milk drinkers. Skim milk−drinking males showed a partial compensation in energy, resulting in a total energy intake that was 163 kJ less than that of the whole milk group. In contrast, there was no energy compensation among females and the total energy intake of the low-fat-milk and skim milk groups was 385 kJ less and 583 kJ less, respectively, than that of the whole milk group.
The age-specific analysis in females found that 8 of the 12 reduced-fat-milk age groups had a lower energy intake than the whole milk groups ( Table 4) . Of the various age groups, teenage girls in the low-fat-milk and skim milk groups compensated for the energy deficit the least. Low-fat-milk− and skim milk−drinking toddler and preschool girls, on the other hand, partially compensated for the energy deficit whereas skim milk−drinking schoolaged girls and elderly women aged ≥ 65 y fully compensated for the energy deficit caused by reduced intakes of dietary fat, including milk fat. The age-specific analysis in males ( Table 5 ) indicated an increased total energy intake (ie, full-to overcompensation for the energy deficit) in half of the age categories of the reduced-fat-milk groups compared with the whole milk group: toddlers and preschoolers, adults, and the elderly. Similar to teenage girls, teenage boys did not compensate for the energy deficit.
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Food intakes
Intakes of major food groups were evaluated. The reduced-fatmilk drinkers of both sexes consumed significantly less red meat than the whole milk drinkers ( Table 6 ). There was a significant (P ≤ 0.05) increase in intakes of fruit and vegetables and seasoning fats and oils by reduced-fat-milk drinkers of both sexes. Consumption of sugar and sweets was significantly (P ≤ 0.05) lower in skim milk−drinking females and in low-fat-milk−drinking males than in their whole milk−drinking counterparts. Consumption of grain products and carbonated drinks was not affected significantly by milk type.
DISCUSSION
There was a clear sex difference in the pattern of energy compensation for the energy deficit caused by a reduced intake of dietary fat. As a whole study population, low-fat milk−drinking males fully compensated and skim milk−drinking males partially compensated for the energy deficit whereas females did not compensate for the deficit at all. The age-specific analyses also found that more reduced-fat-milk age groups of females than males had a lower energy intake than their corresponding whole milk group. In contrast, more reduced-fat-milk male age groups fully to overcompensated for the energy deficit. The results indicate that males but not females are likely to compensate for an energy deficit, caused by reduced intakes in total fat, by increasing their carbohydrate intake.
Sepple and Read (18) reported that male volunteers who ate a low-fat breakfast compensated for their energy deficit at lunch and dinner, resulting in no difference in the daily energy intake from that of high-fat-breakfast eaters. On the other hand, Lissner et al (19) reported no energy compensation in females after three, 2-wk dietary treatments providing low-fat (15-20% of energy), medium-fat (30-35% of energy), or high-fat (45-50% of energy) intakes. The results of these two studies reinforce our observation that males, but not females, generally compensate for energy reduction resulting from a decreased fat intake. The Committee on Nutrition, American Academy of Pediatrics (20) , recommends that dietary goals for all children aged ≥ 2 y include a daily intake of 30% of energy from fat, < 10% of energy from saturated fatty acids, and < 300 mg cholesterol. This recommendation is based on the findings that atherosclerosis begins in childhood and that one of the major factors associated with the degree of atherosclerotic changes is blood cholesterol. The committee does not, however, recommend a fat intake lower than the recommended intake of ≤ 30% of energy from fat and emphasizes that the principle of diet in children is to achieve nutritional adequacy to support growth and development and to maintain desirable body weight. The committee considers that a diet providing 30% of energy from fat can support the nutrient needs of children.
Regarding this recommendation, Lifshitz and Tarim (21) have voiced caution that restricting dietary fat in early life may result in suboptimal growth and development. However, a cohort study of 215 preschool children over 25 mo (10) reported no differences in growth (as measured by height, weight, and body mass index) between children with the lowest quintile of fat intake (27.1% of energy) and the highest quintile of fat intake (38.4% of energy). In the present study, fat energy intake in the skim milk group aged 2-5 y approximated that of the children with the lowest quintile of fat intake in the stated cohort study. Therefore, in preschool children, the observed reduction in fat intake to 27% of energy by the skim milk group may not be disadvantageous for growth. The reduced-fat-milk−drinking teenagers of both sexes compensated the least for the energy deficit and had lower intakes of all energy-yielding nutrients, suggesting that teenagers may be the most motivated to reduce their intakes of fat and energy. It has been reported that dieting is widespread among teenagers, especially among females, out of concern over perceived excessive body weight (22) . Furthermore, Barr (22) reported from a nonclinical study of 782 adolescents (average age 15 y for both males and females) that there was a clear association, particularly among girls, between dieting subscale score and the choice of skim milk, low-fat milk, or whole milk. Consistent with this choice, girls with higher scores on the dieting subscales reported enjoying the taste of skim milk more (and of whole milk less) than those with lower scores. A similar pattern of association between dieting subscale scores and taste enjoyment for skim milk was observed in boys but was not significantly associated with milk type. In the present study, the teenage girls who consumed reduced-fat milks may have been concerned about dieting.
A study of 241 elderly people aged 60 to ≥ 100 y in Georgia reported that Ϸ30% of the study population consumed less than one serving of milk per week (23) . The study also observed that as age advances, more elderly people consumed whole milk instead of reduced-fat milk. The present study, which used a nationwide food intake database, has provided more favorable data regarding milk consumption by American elderly; Ϸ82% of the elderly population consumed milk during the 3-d evaluation period. Compared with the other age groups of adults (20-50 and 51-64 y), a larger proportion of the elderly population consumed milk. Studies have reported that intakes of energy and several micronutrients are below the recommendation for elderly men and women in America (5) and elderly women in Canada (24) . The full compensation for energy deficit by an elderly population drinking reduced-fat milk in the present study may help reduce the gap between the recommended energy intake and the actual intake.
The significantly lower intakes of red meats and sweets and significantly higher intakes of fruit and vegetables by reducedfat-milk drinkers indicate that consumers of reduced-fat milks tend to select more healthy food items. Females were more likely than males to follow this pattern. This observation is consistent with findings from several studies (9, 25, 26) that examined fat intake and food intake patterns. Subar et al (9) reported from an analysis of the 1987 National Health Interview Survey data that intakes of whole milk, red meats and processed meats, eggs, and table fats correlated positively with the percentage of energy from fat, whereas intakes of low-fat milk, fruit, and vegetables correlated negatively with the percentage of energy from fat. Fried potatoes showed a low, positive correlation with the percentage of energy from fat, and high-fiber bread and cereal and ready-to-eat cereals showed low, negative correlations. That study also found that when the dairy product category was divided into low-fat milk and whole milk and cheese, there was an obvious split in the data, indicating that individuals generally consume foods in one group or the other. Georgio and Arquitt (25) compared the sources of dietary fat between a lower-fat group (≤ 30% of energy from fat) and a higher-fat group (> 30% of energy from fat) by evaluating 2-d dietary records of 199 female college students. The lower-fat group was more likely than the higher-fat group to exclude such food categories as higher-fat cheese, higher-fat beef and pork, higher-fat potatoes, butter and margarine, and higher-fat salad dressing. Similarly, Hampl and Betts (26) examined the sources of dietary fat in higher-fat eaters (≥ 30% energy) and in lower-fat eaters aged 18-24 y using data from the 1989-1991 CSFII. The results indicated that > 75% of the sample population consumed > 30% of energy from fat and that those who consumed lower-fat diets consumed more low-fat dairy products, rice, and fruit and fruit juices and less whole milk, beef, frankfurters and sausage, potatoes and potato products, and butter, margarine, and oil.
These reports on food intake patterns of lower-fat and higherfat eaters are generally consistent with our findings on food intake patterns of reduced-fat-milk and whole milk drinkers, except for intakes of fat and oil. This discrepancy may have resulted from the different food items that were included in the fats and oils food group in the studies. Hampl and Betts (26) examined intakes of butter, margarine, and oil; Georgio and Arquitt (25) examined intakes of butter and margarine; and Subar et al (9) examined intakes of table fats. On the other hand, we included, in the fat and oil category, table fats (butter, margarine, imitation margarine, and butter replacer), cooking fats (bacon grease, meat drippings, lard, shortening, and vegetable oils), salad dressings, nondairy cream substitutes, and sauces composed mainly of fat and oil.
Through their reduction in total fat intake, several age groups of skim milk drinkers have achieved the US dietary goal for fat intakes. This result suggests that the US dietary goal for total fat intake can be achieved by selecting reduced-fat food items such as skim milk and by limiting the intake of high-fat foods such as red meats. Considering the fact that several age groups already have reached this goal, it may not be too difficult for other age categories to achieve the goal. The results also suggest that it may be practical to lower the current dietary goal for fat intake, if recommended.
As for any survey type of study, appropriate caution should be used in interpreting the results of this study. Dietary surveys are subject to several types of errors, including nonresponse errors, observational errors, respondent errors, and coding and processing errors. For example, the individuals in the 1989-1991 CSFII sample may not be representative of the general US population. In this survey, fewer interviews were conducted on Sunday, so percentages of acceptable dietary forms collected were lower for Saturday (day 1 recall), Sunday (day 2 record), and Monday (day 3 record) (5) . Also, the representativeness of the survey results is questionable because of the low response rate (45.2%). Weighting the survey results can reduce the potential for nonresponse bias and the results of the present study were weighted and the day of interview was included as a control variable in this weighted sample.
In conclusion, the total fat intake of skim milk and low-fatmilk drinkers was significantly lower than that of the whole milk drinkers in most female age groups and in several of the male age groups. The reduced-fat-milk drinkers achieved a reduction in fat intake by consuming more reduced-fat milks and fruit and vegetables and less red meats. The energy deficit caused by the reduction in fat intake was generally compensated for by increased carbohydrate intake in male age groups but not in female age groups. Among the various age groups, teenagers of both sexes were the most likely to reduce intakes of fat and energy and the least likely to compensate for the energy deficit. Through a reduction in fat intake, several of the age groups of skim milk drinkers achieved the US dietary goal for fat intake of ≤ 30% of energy from fat. The findings indicate that individuals can practically achieve the US dietary goal for fat intake by consuming existing reduced-fat and low-fat food items. The data also point out that a sex difference should be considered carefully in future studies of food intakes. 
